Objective: Adipose tissue regulates insulin sensitivity via the circulating adipocytokines, leptin, resistin and adiponectin. The objective of this study was to compare the levels of resistin, adiponectin and leptin in lean and obese subjects and determine the relationship between circulating adipocytokines and insulin resistance. Methods: We examined plasma levels of resistin, adiponectin and leptin in 17 lean subjects with a mean body mass index (BMI) of , 23 and 34 non-diabetic obese individuals with a mean BMI , 33. Insulin resistance was assessed using the homeostasis model assessment ratio (HOMA-R) formula derived from fasting insulin and glucose levels. Results: Resistin levels were not significantly different between the two groups but were significantly higher in women compared with men, 35.4^6.5 (S.E.) vs 15.4^2.9 mg/l, P , 0.01. Resistin did not correlate with BMI but did significantly correlate with HOMA-R, P , 0.01, and this correlation remained significant after adjustment for gender and BMI. Adiponectin levels were significantly lower in obese compared with lean subjects, P , 0.005, and higher in women, P , 0.001, but showed no significant correlation with HOMA-R. Leptin levels were significantly higher in obese subjects and women and correlated with HOMA-R and resistin. Discussion: In this small group of patients we demonstrated that insulin resistance correlated most strongly with leptin levels. A significant correlation between resistin levels and insulin resistance was also observed. Although a similar trend was apparent for adiponectin, the correlation with insulin resistance did not achieve statistical significance.
Introduction
While it has long been apparent that obesity is a major risk factor for type 2 diabetes, it has recently been appreciated that adipose tissue, in addition to its role as an energy reservoir, modulates energy metabolism via secretion of circulating adipocytokines. Of adipocytokines recently identified, resistin and adiponectin appear to be important in regulating insulin sensitivity. Although obesity, particularly visceral obesity, is associated with insulin resistance (1), the mechanism whereby adipose tissue modulates insulin sensitivity is controversial.
Resistin and adiponectin have been identified as having differing effects on insulin sensitivity. Resistin is a peptide hormone produced by mature adipocytes and regulates whole-body insulin sensitivity (2) . It is more highly expressed in visceral white fat than in subcutaneous fat (2) . It was initially isolated as an mRNA whose expression is suppressed in response to rosiglitazone, a peroxisome proliferator-activated receptor-g (PPAR-g) agonist that enhances insulin sensitivity (2, 3) .
Apronectin is an adipocyte-specific, secreted protein that sensitizes the liver and muscle to the action of insulin (4) . Adiponectin expression and levels in the circulation are upregulated by the PPAR-g agonist, rosiglitazone (5) . Leptin is yet another adipocytokine that has been implicated in glucose homeostasis. It is thought to have some role in regulating insulin sensitivity (6, 7) .
To investigate the relative role of these adipocytokines in the insulin resistance of obesity we compared the levels of resistin, adiponectin and leptin in lean and obese subjects.
attending obesity clinics at either institution. Informed consent was obtained from all subjects. The study protocol was approved by the Research Ethics Committees of both institutions. Subjects were considered lean if their body mass index (BMI) was less than 25. Obese subjects were screened for diabetes using an oral glucose tolerance test. The WHO diagnostic criteria were used to interpret the oral glucose tolerance test. Subjects found to have diabetes were excluded.
Assays
Resistin was measured by an enzyme-linked immunoassay kit obtained from Biovendor Laboratory Medicine Inc. (Brno, Czech Republic). This biotin-labeled antibody sandwich assay measures homodimeric resistin. The intra-assay and interassay coefficients of variation were 4.5 and 7.8%. Adiponectin, leptin and insulin were measured by RIA using reagents from Linco Research Inc. (St Charles, MO, USA) and Pharmacia-Upjohn Diagnostics (Uppsala, Sweden) respectively. Samples were measured in duplicate in the same assay run where the intra-assay coefficients of variation were 5, 4.5 and 6% respectively. The insulin RIA measures immunoreactive insulin since the antibody used shows some cross-reaction with proinsulin and incompletely cleaved proinsulin. Blood glucose was measured using an automated glucose oxidase method. Insulin resistance was assessed using the homeostasis model assessment ratio (HOMA-R) formula (8) .
Statistical analysis
Data are expressed as means^S.E. Statistical analysis was performed using either a two-tailed Student's t-test where single comparisons were made or a Dunnett t-test where multiple comparison with one control group was required (as in Fig. 2 ). Linear regression analysis was used to determine correlation coefficients between various parameters. Prior to regression analysis, data were tested for normality of distribution by the Shapiro -Wilk test and consequently BMI, HOMA-R, leptin, insulin, resistin and adiponectin were log transformed to obtain normal distributions. Partial correlation coefficients were also obtained by controlling for gender, BMI and fasting glucose.
Results
The mean fasting plasma glucose level was significantly higher in the obese subjects than in the lean subjects but still within the normal non-diabetic range ( Table 1 ). Five obese patients had impaired fasting glucose (6.1 -7.0 mmol/l), while no lean subjects had impaired fasting glucose. Insulin levels and insulin resistance, as assessed using the HOMA-R formula, were significantly increased in obese subjects compared with lean controls (Table 1) .
Plasma resistin levels were similar in lean and obese subjects. However, like adiponectin and leptin, resistin levels were significantly higher in women compared with men; 35.4^6.5 vs 15.4^2.9 mg/l, P , 0.01. Resistin did not correlate with BMI but did significantly correlate with HOMA-R, P , 0.01 (Fig. 1 ). This correlation remained significant even after adjustment for gender, and for gender and BMI ( Table 2) .
Adiponectin levels were significantly lower in obese compared with lean subjects (Table 1) . Adiponectin levels were higher in lean women compared with lean men, 17.6^2.0 vs 7.0^0.7 mg/l, P , 0.005, but no significant gender difference was apparent in obese subjects (9.8^1.1 vs 7.1^0.7 mg/l for women and men respectively). Adiponectin levels showed no significant correlation with HOMA-R ( Table 2) .
Leptin levels were significantly higher in obese subjects (Table 1 ) and women. Leptin levels were correlated significantly with BMI, R ¼ 0.732, P , 0.001, and HOMA-R. The correlation between leptin and HOMA-R remained significant even after adjusting for gender, and gender and BMI ( Table 2 ). A significant correlation was observed between leptin and resistin, whereas there was no significant correlation between adiponectin and either leptin or resistin.
Since HOMA-R is not a particularly precise measure of insulin resistance we also analyzed the correlation between the adipocytokine levels and fasting glucose and insulin separately. Fig. 2 shows the relationship between fasting glucose and adipocytokine levels. Subjects with fasting glucose in the lowest and highest tertiles had similar adiponectin levels, whereas subjects who were in the highest tertile group for fasting glucose had significantly higher resistin and leptin levels than those in the lowest tertile for fasting glucose. Resistin and leptin significantly correlated with fasting insulin levels even after controlling for fasting glucose, gender, and gender and BMI (Table 3 ).
Discussion
In this study we report for the first time resistin levels in normal men and women. There was a significant gender difference, with women having higher values than men. Resistin levels were similar in lean and obese subjects and no significant correlation was observed between resistin levels and BMI. Despite these observations there was a significant correlation between resistin level and insulin resistance as measured by the HOMA-R technique. This correlation was observed even after correcting for gender and BMI. HOMA-R is a relatively imprecise method of measuring insulin resistance compared with the glucose clamp technique. The RIA used to measure insulin may measure proinsulin and partially cleaved proinsulin molecules that may be more abundant in insulin-resistant subjects. However, despite these potential limitations, a significant correlation was observed between fasting insulin levels and resistin and between fasting insulin and leptin levels. In contrast, adiponectin levels did not correlate with HOMA-R or fasting insulin.
Resistin is a peptide hormone produced by adipocytes (9, 10) and regulates insulin sensitivity (2) . It is more highly expressed in omental and abdominal subcutaneous white fat than in adipose tissue from the thigh or breast (9) . It was initially isolated as an mRNA whose expression is suppressed in response to rosiglitazone (2) . Rosiglitazone, a PPAR-g receptor agonist, enhances insulin sensitivity and this effect may be due in part to suppression of resistin expression. Furthermore, non-coding single-nucleotide polymorphisms in the resistin gene have been associated with both type 2 diabetes and obesity in Caucasian populations (11, 12) .
As previously reported by others, adiponectin levels were reduced in obese subjects and increased in women compared with men (13 -16) . Although other investigators have reported significant correlations between adiponectin levels and insulin resistance in larger studies (13, 16) , no significant correlation was demonstrated in our subjects. Unlike resistin and Figure 1 Correlation between log-transformed plasma resistin and log HOMA-R. Open circles indicate the obese subjects while closed circles represent the lean subjects. The line of best fit is indicated. Table 2 Correlations between adipocytokines and HOMA-R.
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Unadjusted leptin, where there was an obvious relationship between fasting glucose levels and these adipocytokines, no such relationship was observed with adiponectin. Since our study had a relatively small number of subjects it is possible that with a larger number of subjects the correlation between adiponectin and insulin resistance may have achieved statistical significance. However, our data clearly demonstrate that insulin resistance is more tightly correlated with circulating resistin and leptin than adiponectin levels.
Resistin rather than adiponectin appeared to be a more important determinant of insulin resistance in our study. Hulver et al. (17) recently demonstrated that exercise training-induced enhancement of insulin sensitivity was not accompanied by changes in adiponectin levels. The limited role of adiponectin in enhancement of insulin action would be consistent with the recently reported studies with adiponectinnull mutant mice, which demonstrate that adiponectin deficiency itself results in no insulin resistance or glucose intolerance (18) or only moderate insulin resistance and mild glucose intolerance rather than type 2 diabetes (19, 20) .
Of interest was the observation that leptin levels correlated strongly with insulin resistance as measured by HOMA-R. This correlation remained highly significant even after correcting for gender and BMI. While previous reports have indicated a relationship between leptin levels and insulin resistance, this relationship has been considered by some to be due to increased fat mass (21) . Other investigators have demonstrated both in experimental animals and in human subjects that the association between insulin resistance and leptin levels may be independent of body fat mass (22, 23) . Leptin can also inhibit insulin-stimulated glucose uptake in cultured rat skeletal muscle cells (24) .
In summary, we have provided evidence that resistin levels correlate with insulin resistance in non-diabetic subjects. This association is less marked than that seen for leptin and insulin resistance but stronger than the association between adiponectin and insulin resistance. Table 3 Correlations between adipocytokines and fasting insulin.
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